Transcription regulation of the vegf gene by the BMP/Smad pathway in the angioblast of zebrafish embryos.
Vascular endothelial growth factor (VEGF) is a mitogen that is critically involved in vasculogenesis, angiogenesis, and hematopoiesis. However, what and how transcription factors participate in the regulation of vegf gene expression are not fully understood. Here we report the cloning and sequencing of the zebrafish vegf promoter which revealed that the promoter contains a number of bone morphogenetic protein (BMP)-activated Smad binding elements (SBE), implicating Smad1 and Smad5 in the regulation of BMP-induced expression of vegf. Electrophoretic mobility shift assays of adding recombinant Smad proteins to the SBE-containing DNA oligonucleotides that represent portions of zebrafish vegf promoter resulted in mobility shift of the oligonucleotides. These changes demonstrate potential interactions between Smad1/5 and the vegf promoter. Reporter activity assays using the wild-type or SBE-deleted vegf promoters to drive the luciferase reporter gene expression revealed that Smad1 stimulated while Smad5 repressed the vegf promoter activity in zebrafish embryos. These data indicate that the BMP/Smad signaling pathway is involved in the regulation of zebrafish vegf transcription. In addition, we demonstrate that transgenic expression of human BMP4 in zebrafish embryos induced an expansion of the posterior intermediate cell mass (ICM, also commonly called blood island), a population of cells containing endothelial and hematopoietic precursors. In the expanded ICM, vegf and VEGF receptor 2 (flk-1) were ectopically co-expressed, suggesting that an autocrine/paracrine regulation of vegf expression may exist and contribute to the BMP-induced hemangiogenic cell proliferation.